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Abstract Biosynthesizing of silver nanoparticles using
microorganisms or various plant parts have proven more
environmental friendly, cost-effective, energy saving and
reproducible when compared to chemical and physical
methods. This investigation demonstrated the plant-medi-
ated synthesis of silver nanoparticles using the aqueous leaf
extract of Thevetia peruviana. UV–Visible spectropho-
tometer was used to measure the surface plasmon reso-
nance of the nanoparticles at 460 nm. Fourier Transform
Infrared showed that the glycosidic –OH and carbonyl
functional group present in extract were responsible for the
reduction and stabilization of the silver nanoparticles. X
ray diffraction, Scanning Electron Microscopy, Transmis-
sion Electron Microscopy and Selected Area Electron
Diffraction analyses were used to confirm the nature,
morphology and shape of the nanoparticles. The silver
nanoparticles are spherical in shape with average size of
18.1 nm. The synthesized silver nanoparticles showed
activity against fungal pathogens and bacteria. The zone of
inhibition observed in the antimicrobial study ranged
between 10 and 20 mm.
Keywords Silver nanoparticles  Biosynthesis 
Optimization  Antimicrobial activity  Thevetia peruviana
Introduction
Nanoparticles have been the subject of substantial research
in recent years. It has been explored by researchers in
various fields of science and technology (Kholoud et al.
2010). The nature and unique properties observed in metal
nanoparticles in the area of electronics, optics, organic
catalysis, medical applications, vector control, sensor, etc.,
have drawn extensive attention to this field of study
(Mousavand et al. 2007). Metallic nanoparticles can absorb
electromagnetic radiation, resulting in surface plasmon
polaritons at the metal dielectric interface (Haoyan and
Hergen 2009). Surface plasmons are defined as the col-
lective oscillation of electrons in the valence band of metal
(Peter et al. 2010). The resonance wavelength of metallic
nanoparticles is strongly dependent on the metal, the par-
ticle size and the particle shape (Xia and Halas 2005). One
of the most useful, formulated, and valuable noble metal
nanoparticles is silver nanoparticles.
Silver nanoparticles are mostly smaller than 100 nm and
consist about 20–15,000 silver atoms. In its nanoscale
form, silver exhibits unique physicochemical and biologi-
cal activities. This has made them useful as sensor, vector
control, antimicrobial, anticancer, and antiplasmodial
agents, catalysts, among others (Elemike et al. 2014;
Ashokkumar et al. 2013; Vinod et al. 2014; Ravi et al.
2013; Kathiravan et al. 2014; Raju et al. 2012;
Saraschandra and Sivakumar 2014; Rajakumar and Abdul
Rahuman 2011; Namita and Soam 2014). Biological/green
method of synthesizing silver nanoparticles uses various
plants, plant parts or microorganisms to reduce silver ion to
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silver nanoparticles. Green method using naturally occur-
ring precursors such as vitamins, sugars, plant extracts,
biodegradable polymers and microorganisms as reductants
and capping agents are more environmental friendly and
effective (Jitendra et al. 2014). This method is simple, cost-
effective, energy-saving and reproducible. Few of the
plants and plant parts that have been reported in synthe-
sizing silver nanoparticles are pineapple leaf (Elemike
et al. 2014), lemongrass (Cymbopogon flexuosus), Datura
metel flower (Chandran et al. 2012), Thevetia peruviana
latex (Rupiasih et al. 2013), Wrightia tinctoria (Bharani
et al. 2011), Solanum xanthocarpum (Muhammad et al.
2012), Opuntia ficus (Silva-de-Hoyos et al. 2012),
Sphaeranthus amaranthoides (Swarnalatha et al. 2012),
Punica granatum (Naheed et al. 2012) Citrullus colocyn-
this (Satyavani et al. 2011), switchgrass (Cynthia et al.
2012), Eucalyptus chapmaniana (Ghassan et al. 2013),
Acacia auriculiformis (Nalawade et al. 2014), Ficus
benghalensis, Azadirachta indica (Debasis et al. 2015), etc.
The biomolecules present in these plants are responsible
for the formation and stabilization of silver nanoparticles
(Iravani et al. 2014).
Thevetia peruviana, otherwise known as the bush milk,
be-still tree, lucky nut or yellow oleander, is an evergreen
ornamental, dicotyledonous shrub. It belongs to the
Apocyanaceae family (Dutta 1964). The plant is native to
Central and South America. It is frequently grown
throughout the tropical and sub-tropical region of the
world. In Nigeria, T. peruviana has been grown for over
50 years as an ornamental plant in homes, schools and
churches by missionaries and explorers. The flowers and
fruits of T. peruviana are available all the year round,
thereby providing a steady supply of seeds. No part of the
plant has been reported as being used for food (Ibiyemi
et al. 2002). T. peruviana seed contains toxic compounds
which are mostly cardiac glycosides and their free agly-
cones such as thevetin, theveridoside, theveside, cerberin,
peruvoside, perusitin and digitoxigenin (Oluwaniyi and
Samuel 2007). The fresh flowers of T. peruviana have been
reported to contain quercetin, kaempferol and quercetin
7-o-galactoside (polyphenols). The presence of flavonol
glycosides, phenols and proteins in the leaf extract have
been reported (Mathuravalli and Eswara 2012; Supinya
et al. 2002).
However, T. peruviana latex has been used for the
biosynthesis of silver nanoparticles; the use of aqueous leaf
extract of T. peruviana reported in this paper is the first to
the best of our knowledge in the synthesis and applications
of silver nanoparticles. In this report, we explored the
effectiveness of T. peruviana aqueous leaf extract as a
viable source of reducing and stabilizing agent for silver
nanoparticles. The antimicrobial activity against multidrug
resistant organisms was also investigated.
Experimental
Collection of plant
Thevetia peruviana leaves were collected from the T.
peruviana tree (Fig. 1a) located behind the Department of
Chemistry, University of Ilorin, Nigeria.
Preparation of extract
Fresh leaves of T. peruviana were washed thoroughly with
double-distilled water (DDW) and then cut into small
pieces. Approximately 10 g of the leaves were then boiled
with 100 mL of DDW for 10 min. The aqueous solution
was filtered and stored at 4 C until further use (Elemike
et al. 2014).
Synthesis of silver nanoparticles
In a typical reaction procedure, 5 mL of T. peruviana
aqueous leaf extract was added to 20 mL of 1 mM silver
nitrate solution. The gradual colour change of the resulting
mixture signified the formation of silver nanoparticles. The
nanoparticles precipitated out of the reaction medium after
4 h.
Optimization of the synthesis of silver nanoparticles
The synthesis was carried out at different temperatures (30,
50 and 80 C). To study the optimum time for the synthesis
of silver nanoparticles, the reaction mixture was monitored
from 0 to 30 min. In addition, the effect of volume was
monitored by varying the volume ratio of AgNO3 to T.
peruviana leaf extract. The concentrations of reacting
AgNO3 to T. peruviana aqueous leaf extract was ranged
from 1 to 5 mM. The electronic absorption spectra of the
Fig. 1 a Thevetia peruviana plant, b T. peruviana aqueous leaf
extract, c TSNP
904 Appl Nanosci (2016) 6:903–912
123
silver nanoparticles under each reaction condition were
recorded.
Separation and purification of silver nanoparticles
The nanoparticles solution obtained was purified and sep-
arated by repeated centrifugation at 15,000 rpm for 10 min.
The centrifugation process was repeated 2–3 times to
ensure the removal of any adsorbed substances on the
surface of the silver nanoparticles.
Characterization of silver nanoparticles
The bioreduction of the Ag? to Ag0 was monitored using
T60 UV–Visible spectrophotometer. The scanning range
employed was 200–900 nm with a resolution of 1 nm. The
functional groups responsible for the synthesis of silver
nanoparticles were identified by Shimadzu (8400S) Fourier
Transform Infrared using KBr pellet. The infrared spec-
trum of the nanoparticles and the aqueous extract was
recorded on a FTIR spectrometer. The crystallinity of the
silver nanoparticles was examined using X-ray Diffrac-
tometer with monochromatic CuK a radiation
(h = 1.5406 A˚) operating at a voltage of 40 kV and a
current of 30 mA at room temperature. The intensity data
for the silver nanoparticles was collected over a 2h range of
10–80. Scanning Electron Microscope (SEM) instrument
equipped with an EDX attachment and Transmission
Electron Microscope (TEM) were used to characterize the
nanoparticles surface morphology and measure the size.
Transmission Electron Microscopy (TEM) measurements
were performed on a JEOL TEM 1010 transmission elec-
tron microscope at 200 kV. Carl Zeiss ultra plus field
emission electron microscope (FESEM) was used at 5 kV
accelerating voltage. Sample was placed on aluminium
stabs using carbon tape.
Screening for antimicrobial activities
Thevetia peruviana synthesized silver nanoparticles
(TSNP) was used against multi drug resistant microor-
ganisms (MDRM) which include Escherichia coli, Kleb-
siella pneumonia, Pseudomonas aeruginosa,
Staphylococcus aureus, Bacillus subtilis, Salmonella typhi,
Candida albicans, and Aspergillus niger.
Each of the organisms was recovered for testing by sub-
culturing on fresh media. A loopful inoculum of each
bacterium was suspended in 5 mL of nutrient broth and
incubated overnight at 37 C. These overnight cultures
were used as inoculums in all the experiments. Nutrient
agar, nutrient broth and Potato Dextrose Agar were used,
adjusted to pH 7 and sterilized by autoclaving at 15 lbs
pressure (121 C) for 15 min. The PDA was used for
Candida albicans, and Aspergillus niger. The pure cultures
of microorganisms were maintained on nutrient agar slant
by frequent subculturing. These cultures were stored at
4 C for further experiments (Buvaneswari et al. 2011).
The antimicrobial activity was carried out using Agar-
well diffusion method (Elemike et al. 2014; Peter et al.
1998). 0.5 mL each of the seeded broth containing 105 cfu/
mL of the test organisms were incubated on solid nutrient
agar plates and spread uniformly with a glass spreader.
Two wells were bored in the agar layer of each plate using
sterile cork borer of 2 mm diameter. 0.2 mL of TSNP
solution (1 mg/mL) and aqueous extract of T. peruviana
leaf were introduced in the wells using micropipettes and
allowed to diffuse at room temperature for 2 h. The plates
were incubated at 37 C (bacteria) and 28 C (fungal
pathogens) for 18–24 h (Ma et al. 2003). After the incu-
bation period, the mean diameters of the zones of inhibition
around the wells were recorded and shown in Table 2. The
experiments were conducted in triplicates and the average
values were recorded for antimicrobial activity.
Results and discussion
UV–Vis spectral studies
The bioreduction of the Ag? to Ag0 proceeds gradually
after the addition of T. peruviana aqueous leaf extract
(Fig. 1b) to silver nitrate solution. The bioreduced Ag0
gave reddish-brown coloured solution (Fig. 1c) which is
characteristics of silver nanoparticles (Elemike et al. 2014).
This indicates the green route to the reduction of silver ions
and stabilization of silver nanoparticles produced. The
optical properties of metallic nanoparticles arise from a
complex electrodynamic effect that is strongly influenced
by the surrounding dielectric medium. Light impinging on
metallic particles causes optical excitations of their elec-
trons. The principal type of optical excitation that occurs is
the collective oscillation of electrons in the valence band of
the metal (Peter et al. 2010). The peak intensity of the
surface plasmon absorption for TSNP occurred in the
optical region of the UV–Visible spectrum at 460 nm. The
appearance of surface plasmon resonance (SPR) peak at
460 nm provides a convenient spectroscopic signature for
the formation of silver nanoparticles (Jenkins and Snyder
1996; Bindhu and Umadevi 2014).
Influence of temperature and time
It is generally accepted that UV–Vis spectroscopy could be
used to examine the reduction in size and shape-controlled
nanoparticles in aqueous solution (Javed et al. 2011). The
graphs (Fig. 2) showed the UV–Vis absorption of silver
Appl Nanosci (2016) 6:903–912 905
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nanoparticles obtained from T. peruviana leaf extract. The
spectra were recorded at 30, 50 and 80 C with varying
reaction time. With all the different temperatures used, the
colour of the silver nanoparticles changed from light yel-
low to reddish brown within 15 min. This is characteristic
of the nanoparticles due to the excitation of surface plas-
mon vibrations in the silver nanoparticles synthesized. The
reaction was monitored to 1 h using UV–Visible spec-
trophotometer. It was observed that the absorption intensity
increased with increase in the reaction time. The surface
plasmon band of TSNP was at 460, 460 and 440 nm at 30,
50, and 80 C temperatures, respectively (Fig. 2). This
shows that at lower temperatures the plasmon peak showed
a bathochromic shift from that observed at 80 C. This
bathochromic shift indicated that the mean diameter of the
silver nanoparticles decreased (Bindhu and Umadevi
2014). The formation of silver nanoparticles at 30 C
underscores the ability of T. peruviana aqueous leaf extract
to reduce silver ion and stabilize it without employing high
temperature. The onset of silver nanoparticles formation
was faster at 30 C (Fig. 2a) than the synthesis at higher
temperatures. It was observed at 10 min. This shows that
silver nanoparticles can be synthesized rapidly at 30 C.
The red shifted and narrow shaped surface plasmon reso-
nance (SPR) band indicates the formation of spherical and
homogeneous distribution of silver nanoparticles. SEM and
TEM images showed that the nanoparticles are agglomer-
ate and spherical in shape. The precipitation of
nanospherical crystalline silver particles from the aqueous
reaction mixture was observed after 4 h at all the temper-
atures used. This suggests that the nanoparticles can be
obtained without applying centrifugal force. Although,
centrifugation is needed to remove adsorbed biomolecules
from the nanoparticles. The precipitation of metallic
nanocrystals from aqueous or non-aqueous solutions typi-
cally requires the chemical reduction of a metal cation
(Peng et al. 2010). We suggest that the fast precipitation of
silver nanoparticles from the reaction medium may be due
Fig. 2 The UV–Vis absorption spectra for silver nanoparticles synthesized at a 30 C, b 50 C, c 80 C
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to the reductive properties of the polyphenolic moiety
present in flavanone glycosides: (2R)- and (2S)-5-O-b-D-
glucopyranosyl-7,40-dihydroxy-30,50-dimethoxyflavanone
and flavonol glycoside: quercetin 3-O-{b-D-glucopyra-
nosyl-(1 ? 2)-[a-L-rhamnopyranosyl-(1 ? 6)]-b-D-galac-
topyranoside} in T. peruviuana leaf (Scheme 1) (Supinya
et al. 2002; Ajitha et al. 2015). This is in line with the
report of Harekrishna et al. 2009, which suggests the
participation of carbonyl, hydroxyl, and amine functional
groups in nanoparticles synthesis. The glycosides have
been shown to have inhibitory effect against HIV-1 reverse
transcriptase and HIV-1 Integrase (Supinya et al. 2002).
The optimal reaction time and temperature was achieved at
30 min and 30 C, respectively.
Influence of silver ion concentration variation
The UV–Vis spectra obtained at varying silver ion con-
centration was measured (Fig. 3a). The reaction was car-
ried out at the optimum temperature and time. The intensity
increases as the concentration of silver ion increases with
the SPR peak for all the different concentrations at 460 nm.
The increase in particle size at higher concentrations gave
rise to increase in the intensity of the spectrum (Bindhu and
Umadevi 2014).
Volume variation
The influence of change in volume of silver nitrate to T.
peruviana aqueous leaf extract was investigated (Fig. 3b).
The reaction was done at the optimum temperature and
time. Different volume ratios ranging from 4:1, 3:2, 2:3
and 1:4 of 1 mM silver nitrate to T. peruviana aqueous leaf
extract, respectively, were used. From the UV–Vis spec-
trum (Fig. 3b), it was observed that at 4 parts of 1 mM
silver nitrate solution to 1 part of T. peruviana aqueous leaf
extract (4:1), the leaf extract bioreduced and stabilized the
nanoparticles with the plasmon resonance at 460 nm. Other
volume ratios, 3:2, 2:3 and 1:4 of 1 mM silver nitrate to T.
peruviana aqueous leaf extract did not give distinct char-
acteristics SPR for silver nanoparticles at the visible region
of the UV–Vis spectrum (Fig. 3b).
For further synthesis of TSNP, the optimal conditions
used were 4:1 of 1 mM of silver nitrate solution to the leaf
extract at 30 C for 30 min.
XRD analysis
X-ray diffraction (XRD) patterns confirmed the crystalline
nature of TSNP. Bragg’s angles at 37.9, 46.2, 64.3,
76.6, which correspond to (111), (200), (220) and (311)
crystal reflection planes of the four faces of face centered
cubic (fcc) crystal structure of silver (JCPDS data no.
04-0783) were observed (Fig. 4). Reflection planes (111)
and (200) were the predominant orientations, while the
reflections of (220) and (311) were weak and broad. This
trend is in line with the reports of previous workers
(Saraschandra and Sivakumar 2014; Ashok et al. 2010;
Shashi et al. 2010). The XRD pattern thus clearly illustrates
that the silver nanoparticles are crystalline in nature. The
extra diffraction peak (*) in the XRD pattern is due to the
crystallization of bio-organic phase in the plant extract.
FTIR analysis
The FTIR spectrum was recorded within the wavenumber
of 4000–500 cm-1 region. The FTIR spectrum analysis
showed carbonyl groups (C=O), saturated aliphatic (–CH)
and hydroxyl groups (–OH) stretch at wave numbers 1700,
2930 and 3400 cm-1, respectively (Fig. 5). The biomole-
cules present in T. peruviana aqueous leaf extract possess
carbonyl, and glycosidic OH functional groups. These
phytochemicals probably exhibited bifunctional property of
reducing and stabilizing the silver nanoparticles. The FTIR
spectrum of TSNP showed a lower intensity than that of the
leaves extract. The reduction in intensity results from the
utilization of the functional groups present in T. peruviana
leaf in the synthesis of the silver nanoparticles. The
absorption band at 3400 cm-1 can be assigned to the –OH
functional group present in flavanone glycosides; (2R)- and
(2S)-5-O-b-D-glucopyranosyl-7,40-dihydroxy-30,50-dimetho-
xyflavanone and flavonol glycoside, quercetin 3-O-{b-D-
glucopyranosyl-(1 ? 2)-[a-L-rhamnopyranosyl-(1 ? 6)]-
b-D-galactopyranoside}which is contained in T.
Scheme 1 Possible bioreduction mechanism of silver ion to silver nanoparticles by flavanone glucoside
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peruviuana leaf. The C=O at 1700 cm-1 can be assumed
to originate from the ketonic C=O of the flavanone.
SEM and energy dispersive X-ray analysis
The SEM image showed that the crystalline silver
nanoparticles were uniform and aggregates (Fig. 6a).
Energy dispersive spectroscopy is used to quantify the
chemical composition of nanomaterials (Dada et al.
2015). TSNP showed the highest count per seconds at
3 keV, confirming the formation of silver nanoparticles
(Fig. 6b). The absorption of metallic silver nanocrystals is
generally observed at 3 keV due to surface plasmon res-
onance (Bindhu and Umadevi 2013). The percentage
elemental composition of the TSNP is as shown below
(Table 1). The percentage of O is the smallest, with C and
Cl having high percentage weight. These elements are
from the biomolecules that were attached to the silver
nanoparticles.
TEM analysis
TSNP morphology and size were determined from the
TEM images. Two different magnifications were employed
in the TEM characterization. The silver nanoparticles were
spherical in shape. The sizes ranged from 6.4 to 39.4 nm
and the average size was 18.1 ± 6.4 nm, RSD = 35 %
(Fig. 6c, d). The Selected Area Electron Diffraction
(SAED) showed that the TSNP is crystalline with the spots
arising from Bragg reflection (Fig. 6c, inset). Rupiasih
et al. (2013) had reported that the size distribution of silver
Fig. 3 The UV–Vis absorption spectra for silver nanoparticles synthesized at different a concentrations and b volume ratio at 30 C for 30 min




















Fig. 4 XRD pattern for T. peruviana aqueous leaves synthesized
silver nanoparticles Fig. 5 FTIR spectrum of T. peruviana extract and silver
nanoparticles
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nanoparticles synthesized using the latex of Thevetia
peruviana was between 10 and 30 nm. Elemike et al.
(2014) reported the size of silver nanoparticles synthesized
using pineapple leaf as 12.4 nm. Recently, Debasis et al.
(2015) reported the size of silver nanoparticles synthesized
by F. benghalensis and A. indica as 85.95 and 90.13 nm,
respectively.
Antimicrobial studies
The result of the antimicrobial studies of TSNP against
multi drug resistant microorganisms (MDRM) revealed
that the silver nanoparticles showed activity against fungal
pathogens and bacteria tested (Table 2; Fig. 7). The plant
extract was introduced in the middle of the agar in the
plate, but showed no zone of inhibition around it. A. niger
and C. albicans both showed 20 mm as their value of
inhibition. Both the Gram-positive cocci (S. aureus, B.
subtilis) and Gram-negative bacteria (P. aeruginosa, K.
pneumonia, E. coli, and S. typhi) were susceptible to the
influence of the silver nanoparticles. The bactericidal
activity of the silver nanoparticles was highest against
Fig. 6 a SEM image, b EDX spectrum, c TEM image at 100 nm (inset SAED image of TSNP), d TEM image at 200 nm







Table 2 The zone of inhibition of TSNP against some multidrug
resistant microorganisms
Organisms Zone of inhibition (mm)
Staphylococcus aureus 20 ± 2.5
Pseudomonas aeruginosa 10 ± 2.4
Bacillus subtilis 11 ± 0.9
Klebsiella pneumonia 15 ± 1.8
Escherichia coli 10 ± 2.0
Salmonella typhi 12 ± 2.9
Aspergillus niger 20 ± 0.5
Candida albicans 20 ± 1.8
Mean values ± SD
Appl Nanosci (2016) 6:903–912 909
123
Gram positive S. aureus with zone of inhibition of 20 mm.
The main component of the cell walls of Gram-positive
bacteria is a rigid network composed of three macro-
molecular concentric shells making it resistant to
mechanical rupture, while Gram-negative bacteria have a
network that is only one molecule thick, together with up to
25 % (mass) of lipoprotein and lipopolysaccharide (Ma
et al. 2003; Olajire et al. 2010). The small size of the silver
nanoparticles synthesized in this work enabled the easier
penetration into the cell wall of S. aureus thereby affecting
the cell membrane and finally death of the cell. There is
formation of ‘pits’ on the cell surface, followed by accu-
mulation of the nanoparticles on the cell surface (Sondi and
Salopek-Sondi 2004). In addition, the bactericidal activity
could be mediated via silver ions released either from
colloidal silver nanoparticles in the solution or immobi-
lized nanoparticles (Shekhar et al. 2013). The silver ions
then combined with thiol, hydroxyl, and carboxyl group in
the cell, deactivate several functions in the cell and damage
the cells. Silver nanoparticles combined with respiratory
enzyme, protease enzyme and interact with the sulfur and
phosphorus of the DNAs of bacteria to cause suffocation,
indigestion, inhibition of cell replication, respectively, and
thus terminate the microbes (Lokina et al. 2014; Suku-
maran and Eldho 2012). The mechanism of antifungal
potential has been suggested as the deactivation of sulf-
hydryl groups of the fungal cell wall, and onward forma-
tion of insoluble compounds followed by the disruption of
membrane bound enzymes and lipids finally resulting in
cell lysis (Ajitha et al. 2015). TSNP has potential against
fungal pathogens and bacterias, thereby making it of viable
use in the treatment of broad range microorganism
infections.
Conclusion
This work has shown the rapid biosynthesis of silver
nanoparticles using the aqueous extract of T. peruviana
leaf. The silver nanoparticles were characterized using
UV–Vis spectrophotometer, XRD, FTIR, SEM, EDX,
TEM and SAED. The obtained nanoparticles were highly
uniform with average size of 18.1 nm, crystalline and
spherical in shape. The functional groups responsible for
biosynthesis were also identified. TSNP was found to be
smaller than some of the previously reported silver
nanoparticles. The efficacy of the synthesized silver
nanoparticles against broad spectrum of microorganism
was also reported. The potential of T. peruviana leaf as a
bioresource for green nanosynthesis has been explored.
However, further studies to determine the health and
environmental impacts of the synthesized silver nanopar-
ticles before its use in biomedicine, is of high importance.
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